• The LHC is a discovery machine. Why should we do precision physics at such a facility? And which measurements are of interest?
-Why
• Gauge boson self-couplings:
physics interest: direct test of the non-abelian character of the electroweak gauge group
• Higgs boson couplings:
The SM predicts the Higgs boson couplings to fermions (strength ∝ m f ermion ), weak bosons, as well as the Higgs self couplings
Once a Higgs boson candidate has been found it is paramount to measure its couplings to fermions, and weak bosons Measurement of the Higgs self-coupling will be the first step towards a reconstruction of the Higgs potential, i.e. proving (or disproving) that spontaneous symmetry breaking is indeed the mechanism which generates the W and Z masses
• We need accurate SM predictions to match the experimental precision.
• in the following, I will (wherever possible/appropriate) No results from DØ yet
• techniques used: transverse mass (M T ), and lepton transverse mo- PRD 58, 092003 (1998) ) • sample results from a tuned comparison: 
Combining QCD and EW corrections
• In order to achieve δM W ≈ 10 MeV or better, a calculation which combines QCD and EW corrections is needed EW corrections shift the W mass extracted from data QCD corrections smear the Jacobian peak of the M T distribution and thus limit the precision which can be achieved
• First step: final state QED bremsstrahlung has been included in RES-BOS (Cao, Yuan)
• A combination of QCD and EW corrections is also needed for large ℓ General W W γ and W W Z Couplings
• The most general effective Lagrangian consistent with electromagnetic gauge invariance, Lorentz invariance, C and P invariance is (V = Z, γ)
• In the SM, at tree level:
• higher dimensional operators do not lead to a new Lorentz structure
• they can be taken into account by allowing the couplings g V 1 , κ V etc. to be energy dependent so-called form factors
• the W W γ couplings are related to the magnetic dipole (µ W ), and the electric quadrupole moment (q W ) of the W
• S-matrix unitarity requires weak boson self-couplings to be of SM form at high energies © any deviations from the SM in these couplings must be of form factor form, and → 0 at high energies, eg
© the form factor scale, Λ, is related to the scale of new physics responsible for the deviations from the SM © this picture is similar to the proton form factor where
• what about higher order corrections in the SM? They either have to vanish, or lead to a form factor which → 0 forŝ → ∞
• higher order corrections to the gauge boson self-couplings in the SM lead to a form factor. The form factor scale Λ is the mass of the heaviest particle in the loop, usually either the top quark, or the Higgs boson 
Theory of Di-boson Production
• All di-boson production processes are known at NLO in QCD in the SM, and, except for ZZ production, also for anomalous TGC's (Ohnemus, UB et al., Ellis and Campbell, Dixon et al., Adamson et al.) • at the LHC, QCD corrections to di-boson production become very large at high energies due to a logarithmic enhancement factor in qg fusion. Example: W γ production at high p T :
• the log enhancement is not present in diagrams with the W W γ/W W Z vertex © QCD corrections substantially reduce sensitivity to anomalous couplings
• however: at high p T , most events have a hard jet © a jet veto helps to get the QCD under control and restore sensitivity to anomalous couplings example: no jets with p T (j) > 50 GeV
• action item: How big are the NNLO QCD corrections?
• EWK one loop corrections to di-boson production are also known © corrections are negative and significant (Accomando, Pozzorini, Denner, Kaiser, Meier, Hollik) due to Sudakov logarithms (log(ŝ/M • however, weak boson radiation (which is part of the O(α) corrections) may partially cancel these effects (UB, PRD 75,013005 (2007) ) Example: relative size of the W ZV (V = W, Z) contributions and the one loop EWK corrections to W Z production at the LHC
• weak boson radiation mostly results in extra jets
• a jet veto will suppress weak boson radiation effects
• but in some cases (eg W W production) weak boson radiation effects are still significant
• EWK radiative corrections to di-boson production are not well understood: do they have to be resummed? what role does real weak boson radiation play beyond the NLO EWK level?
Present and Future Limits on Anomalous Couplings
• LEP II results: limits for g These limits are up to a factor 4 better than those from ZZ production at LEP2
• limits scale roughly like ( Ldt)
1/4
• LHC: rule of thumb: limits for λ (κ, g with strong dependence on Λ in both cases
• The LHC gets close to the region where one expects to see deviations from the SM weak boson self-couplings (but there are better ways to discover new physics)
Quartic Couplings
• the only direct bounds on quartic gauge boson couplings come from W W γ, Zγγ, ZZγ and ννγγ production at LEP (hep-ex/0511027)
• indirect bounds on quartic couplings from the S and U parameters are about a factor 100 stronger than the LEP limits 
-Higgs Boson Couplings
• Once a Higgs boson candidate has been observed at the LHC, we need to determine J P C assignment, and its couplings to fermions, weak bosons, and itself to verify that the Higgs mechanism is indeed responsible for giving masses to fermions and weak bosons
• comprehensive analysis of couplings to fermions and gauge bosons (Dührssen et al.) assumes Γ(H → V V ) ≤ Γ SM (H → V V ) (V = W, Z). This is justified in any model with an arbitrary number of Higgs doublets (eg. MSSM) performs a log-likelihood fit takes into account systematic uncertainties from unknown higher order QCD corrections to background processes, PDF uncertainties, luminosity, and particle detection uncertainties
• the HHH self-coupling λ can be determined via gg → HH (Mangano et al., UB et al.) • for M H ≤ 140 GeV, HH → bbγγ offers the best chance: starved by statistics; need SuperLHC (SLHC) luminosity upgrade S/B ≈ O(1); can measure λ with ≈ 70% accuracy at SLHC
• for M H ≥ 150 GeV the HH → 4W → ℓ ± ℓ ′ ± + 4j channel offers the best hope
-Conclusions
• Precision physics will be an essential part of the LHC physics program
• The LHC has the capability of measuring the W mass with a precision of O(10 MeV); however this requires a substantial effort to understand the detectors and further improvement of the theoretical tools available
• The LHC will take the measurement of gauge boson self-interactions to a new level, improving existing limits by perhaps several orders of magnitude
• The LHC will be able to determine the Higgs couplings to fermions and weak bosons with a precision of 10 − 50%
• The LHC, or SLHC, may be able to place weak limits on the Higgs self-couplings, a first step towards reconstructing the Higgs potential
